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I.  INTRODUCTION 


An  ongoing  single-event  phenomena  (SEP)  test  program  at  the  Jet  Propulsion  Laboratory 
(JPL)  and  The  Aerospace  Corporation's  continuing,  in  order  to  assess  specific  parts  performance 
for  interplanetary  and  satellite  environments  and  to  establish  trends  in  single-event  upset  (SEU) 
response  of  an  ever-increasing  body  of  device  data.  _ 

In  1985,  Nichols  et  al.1  published  the  first  nearly  comprehensive  listing  of  SEP  test  data  for 
186  parts.  This  presentation  was  updated  in  19872  with  the  publication  of  data  for  83  additional 
parts.  In  this  report,  we  extend  the  data  base  for  154  new  parts.  As  before,'  the  data  are  collected 
according  to  technology,  function,  and  manufacturer  in  order  to  permit  trends,  generalizations, 
and  data  gaps  to  be  identified.  .,  \U-?~ 
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II.  TESTING  APPROACHES 


The  experimental  procedures  used  by  JPL  and  Aerospace  are  evolutionary  and  are  described 
in  detail  elsewhere.3,4  All  data  reported  here  use  high  energy  accelerators— not  isotope  or  other 
simulation  sources.  A  heavy  ion  beam  of  suitable  uniformity  is  directed  into  a  vacuum  chamber, 
where  a  movable  test  board  and  testing  interface  are  mounted.  Dosimetry  is  usually  provided  by 
the  test  group,  but  the  Battelle  Northwest  Laboratories  (BNL)  facility  now  offers  this  service  for 
their  dedicated  SEP  fine  Test  interfaces  are  unique  to  each  part,  although  some  attempts  have 
been  made  to  design  “universal  interfaces.”  Tests  of  complex  parts,  such  as  large-scale  integration 
(LSI)  random  access  memories  (RAMs)  and  microprocessors,  require  special  care  and  usually  do 
not  entail  a  test  of  every  element  for  every  code  configuration.  Microprocessor  tests,  for  example, 
might  be  chosen  to  yield  worst-case  linear  energy  transfer  (LET)  data  (equivalent  to  the  LET 
threshold  for  the  whole  device)  and  not  to  yield  the  overall  device  cross  section. 

Tests  for  transient  effects— defined  as  those  disturbances  that  last  for  a  finite  time— are 
occasionally  implemented  at  the  same  time  as  tests  for  their  “infinite"  lived  cousins— the  SEU. 
Transient  effects  are  not  often  reported,  probably  because  test  procedures  are  often  not  set  up  to 
measure  them— not  because  of  a  general  scarcity  of  this  phenomenon.  Transients  are  also  more 
elusive  than  SEUs:  they  depend  upon  on-chip  design,  layout  geometries,  and  other  configuration 
aspects  that  may  mask  or  augment  their  detection. 

Both  transients  and  “soft”  upsets  should  be  of  concern  to  the  system  designer.  Catastrophic 
effects  like  latchup,  transistor  burnout,  and  other  permanent  effects  require  a  separate  system 
evaluation. 
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III.  ORGANIZATION  AND  SCOPE  OF  DATA 


Tnis  repo;  summarizes  soft  error  and  latchup  experimental  test  data  from  JPL  and  The 
Aerospace  Corporation  during  the  2-year  period  from  January  1987  through  December  1988.  In 
addition,  data  from  the  Combined  Release  and  Radiation  Effects  Satellite  (CRRES)  program, 
stored  at  JPL  for  the  last  several  years,  is  released  for  the  first  time— except  for  proprietary 
developmental  data  on  GaAs  devices.  Not  included  are  data  generated  by  Defense  Nuclear 
Agency  (DNA)  subcontractors  who  used  JPL  hardware,  nor  the  new,  fairly  extensive  data  set  on 
power  metal-oxide  semiconductor  field-effect  transistor  (MOSFET)  burnout  obtained  by  other 
subcontractors.  Much  smaller  SEP  data  sets  have  been  generated  by  other  U.S.  and  foreign 
researchers.5  The  SEP  data  presented  here  and  in  two  previous  reports1,2  represent  a  substantial 
majority  of  all  test  data  obtained  on  SEP  throughout  the  world. 

The  data  from  JPL  and  Aerospace  are  combined  in  this  report,  but  there  are  minor 
differences  in  the  data  from  each  organization.  JPL  defines  the  threshold  LET  as  that  value  of 
LET  where  soft  errors  are  first  counted  at  fluences  of  106  ions/cm2.  Aerospace  has  redefined  their 
LET  threshold  as  occurring  at  that  point  where  the  measured  upset  cross  section  is  1%  of  the 
measured  maximum  cross  section.  These  two  values  may  be  quite  different.*  To  obtain  accurate 
SEU  rates  for  a  prescribed  radiation  environment,  one  requires  a  plot  of  cross  section  vs  LET, 
which  may  be  available  from  the  parent  test  organization.** 

The  data  are  conveniently  divided  into  two  tables:  Table  1  for  metal-oxide  semiconductor 
(MOS)  devices  and  Table  2  for  bipolar  devices.  All  data  listed  are  substantially  abbreviated  and 
ignore  statistical  features  altogether.  SEP  tests  are  measured  with  a  dynamic  nominal  bias: 
latchup  tests  are  performed  at  the  maximum  value  of  the  nominal  bias  range  in  order  to  enhance 
the  possibility  of  latchup.  Cross  sections  are  given  for  Kr  ions  at  normal  incidence,  corresponding 
to  LET  =  37  MeV/mg/cm2.  The  label  “no  upset”  also  refers  to  the  situation  at  LET  =  37.  For 
devices  having  a  low  LET  threshold,  the  tabulated  cross  section  may  be  equal  to  the  maximum 
saturation  cross  section;  but  at  higher  LETs,  the  maximum  cross  section  will  be  larger  than  the 
tabulated  value  (and  may  or  may  not  have  been  found).  Unreported  transients  and  higher  test 
temperature  measurements  exist  for  some  parts.  Hence,  a  system  designer  interested  in  a  specific 
part  is  again  urged  to  contact  the  appropriate  test  organization  for  further  information. 


*  The  use  of  a  LET  threshold  defined  as  a  stated  percentage  of  a  maximum  (saturated)  cross  section 
attempts  to  establish  a  practical  lower  bound  for  the  purpose  of  estimating  upset  rates.  The  discrepancy 
between  this  definition  and  JPL’s  definition  becomes  academic  when  a  complete  cross  section  is  used  in 
rate  calculations. 

**  At  JPL,  more  detailed  data  are  available  in  Reference  6  or  in  the  RADATA  computer  bank. 
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(MeVtaipcm^) 

Scan  {anh 

P«Bu 

(lCr*  cm2) 

FMtluy 

•  ASM 

lUmaki  CTmi  Dim) 

1 

54HCT773F 

Litch 

HOTS 

RCA 

1 

>75 

No  Upas 

No  UpM 

BN1 

(Doe,  1916) 

A 

54HCT373 

Lil&fc 

IOCS 

nsc 

S 

-to 

No  UpM 

No  UpM 

ll-io 

No  lerhiip  ii  LET  •  '.20 
(Dec.  1911) 

A 

54HCT54! 

Ocul  Buffo 

HCMOS 

RCA 

- 

- 

Mm 

0) 

J 

S4HCTOC 

Liicii 

IOCS 

me 

1 

>75 

No  UpM 

No  UpM 

One  y 

0*.  1915) 

] 

S4HCT244 

Tn-Sute 

Buffer 

IOCS 

TDC 

10 

-- 

-• 

-- 

Mm 

No  Uicbup  it  T  •  1 00*C  far 
LET  >161  (Apt.  Miy.  1917) 

A 

S4HCTS;6: 

Counier 

HCVC&SOS 

RCA 

>40 

No  Upset 

No  UpM 

M-m. 

No  Uichup  ii  LET  ■  80 
(June.  ’.988) 

A 

54HCTSr>4 

DF5 

HOC&SOS 

RCA 

1 

>40 

No  UpM 

No  UpM 

If  is. 

No  liiehup  LET  •  80 
(J»e,  1988) 

i 

54AC3’3 

Liith 

Atfv  CMOS 

FSC 

1 

- 

•* 

M-m 

Litchupit  LET -40 
(Aug.  1917) 

i 

54ACT373 

Lfftec 

Actv  CMOS 

FSC 

I 

M-m 

Laidiup  b  LET-  40 
(Auj.  1917) 

A 

54AC138 

Logic 

Arfv  CMOS 

NSC 

•• 

.. 

M-m 

(3) 

A 

54AC13I 

Lope 

AeS  CMOS 

NSC 

•• 

•• 

M-m. 

Ludwp  iv -40  ora.  hcbcr 
-  Iff7  on2  (Dec.  1911) 

A 

54AC245 

Uf>c 

AcS  CMOS 
on  cpi 

NSC 

•• 

•• 

M-m 

(3) 

A 

54AC2A5 

Uve 

Adv  CMOS 

NSC 

•• 

-- 

•• 

M-m 

(3) 

A 

54AC374 

Lope 

AcS  CMOS 

NSC 

-SO 

No  UpM 

Not*M 

M-m. 

No  kichtp  ii  LET  •  10 
(Dm.  1911) 

A 

HI  546 

MUX 

CMOS 

HAR 

.. 

.. 

II-IB. 

(1) 

A 

H154I 

MUX 

CMOS 

HAR 

•• 

-- 

•• 

-- 

II-UL 

(1) 

A 

HI  549 

MUX 

CMOS 

HAR 

•• 

- 

•• 

•• 

II- ul 

(1) 

i 

DGJ07 

QiMi  Anilo* 
Swucb 

CMOS**. 

sn- 

4 

•• 

-- 

-• 

BNL 

No  Imdaip  u  LET  •  120 
•  T  •  75*C  (Drc.  1917) 

i 

DG125AP 

Anakf 

Swucb 

CMOS*. 

siL 

-- 

-- 

•• 

BNL 

No  lacbup  ii  LET  •  1 20 
#T-  12S*C  (lime.  19IT) 

j 

DG.25BP 

Auk* 

Swucb 

om^ 

SB. 

- 

-- 

•• 

- 

BNL 

No  ladinp  it  LET  •  120 
#T-12S*C(W  1917) 

j 

PC303 

Anckf 

Swucb 

CMOS*. 

so. 

- 

-• 

-■ 

-- 

BNL 

No  lockup  it  LET  •  120 
#T-125*C  (W  1917) 

j 

CD4066B 

Qu*4 

BUMnl 

Snb 

on 

RCA 

4 

*' 

■■ 

M-m. 

No  lockup  n  LET  -  120 
#T«HrCa>Ml9»7) 

A 

CS7401 

FIFO 

CMOS 

MM 

236 

-- 

~ 

•• 

IS-m. 

No  lockup  it  LET -60 
dlBL  1911) 

A 

CY7C401 

FIFO 

CMOS 

CYP 

256 

•* 

" 

•• 

M-m. 

Lockip.iLET-  10^  ^ 

0  imo.  19M) 

A 

SSL7401 

FIFO 

CMOS’ 

OCT 

236 

- 

.. 

.. 

II-UL 

No  Utetep  it  LET  -60 

Him  19M) 
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Tibia  1  SEU  Efcie  (MOS  *  CMOS  Daw)  1917  A  19U  (Coocnuad) 


Effoctiv* 


T«i 

Of%t 

Dma 

Funcaoc 

Tacbaslofjr 

Mfr 

Biu 

LET** 

T>HgjfaOld 

(M*V^n^cra^) 

Danes  Ciw 
Sacunn  (an2) 

MM 

Cnm  Sactian 
Per  Bit 

(104  an2! 

Fealiry 

•  ••* 

Roncij  rr«t  Dtus) 

J 

CMM6167 

SRAM 

CM0S/50S 

RCA 

16Kjli 

u 

46t  10“* 

3 

11-10. 

<J-l  .4»  104  an2  far  Rr 
»i  20  def  injl*.  ttjhTdite 
tvulebie  (Oct.  1917  A 

June.  19111 

A 

IDT6167X 

SRAM 

S'MC&CMOS 

tDT 

16Ril 

3 

2.6  »10'2 

165 

ll-in. 

Rid  Herd  Device.  So  letchup 
@  LET  «  120  (Its*  1917) 

1 

IDT6;:SV 

SRAM 

eves 

IDT 

2JUS 

3 

I0'2 

60 

BNL 

Saiee  A  development  pen 

Letchup  LET  »  100 
(Fee.  1917) 

1/A 

IDT6!:<V 

SRAM 

NMO&CMOS 

IDT 

2KU 

6 

225 »  !0‘2 

160 

ll-ui. 

So  letchup  >t  LET  •  120 
(A  June  1917.  J  Au|A 

Oct.  1917) 

A 

©HIP 

SRAM 

NMOS/CMOS 

IDT 

64  All 

J 

IS-in. 

Red  Henl  Dance  So  letenup  r. 
LET  »  120  (June  1917) 

A 

IDT  '.64 

SRAM 

NMO&CMOS 

IDT 

SRjlS 

4 

1 i  10’2 

125 

Il-tn 

Red  Held  Dance  So  letchup  u 
LET  -120  (June  1917) 

A 

IDT-'.  256 

SRAM 

NMOSCMOS 

IDT 

32XjI 

3 

0.1 

•• 

ll-rn 

So  letchup  <t  LET  •  120  @  T 
*  90*C  Red  Hard  Device 
(Sapt.  1911) 

A 

mm  256 

SRAM 

NMCSJCMOS 

IDT 

I2U 

2.3 

0.2 

-• 

ll-m 

Letchup  tt  LEf  m  i  j  emh  c.*, 
•ecuon  •  7  i  10' 3  cm2 
(Dec.  1917) 

A 

H61 16 

SRAM 

NMOSlCMOS 

HTT 

2KU 

4 

>5  1 10" 3 

•• 

tl-m 

Letchup  u  LET  >10:  mm  neam 
•l*i  10”3  car2  (line  1917) 

A 

MTSC256X 

SRAM 

eves 

MIC 

32KU 

<3 

0.6 

•• 

tl-Ul. 

No  leichop  dele  reported 
(Dec.  1911) 

A 

CXK5I235 

SRAM 

eves 

SSY 

32JLJ 

6 

0  1 

It-in. 

Leicbt^  it  LET  »  43.  eraa  tecttcr. 
•  10°  an2  (Dec.  1911) 

A 

EDHIS32C 

SRAM 

VMOSCMOS 

EDI 

3IU 

3 

0.J 

200 

Il-ib 

Letcht^  u  LET  -  30.  eras  tacoao 
•2»10'3  cro2(Dsc.  1911) 

A 

OW62256 

SRAM 

nmo&cmos 

OWI 

32JUI 

J 

0.4 

-- 

II- IT 

No  letdaqi  u  LET  •  120 
(Dee.  1917) 

A 

XCDM622S6 

SRAM 

NMOSJCMOS 

RCA 

32LU 

3 

0.4 

•• 

ll-ia. 

Letch  ■  tt  LET  •  31;  ana  mow 
•  10"3  an2  (Dec,  1917) 

A 

CY7C150 

SRAM 

CMOS 

CYP 

ISM 

*■ 

** 

•• 

ll-ia. 

No  mA  upset  due  Letchup  a 

LET  <30,  amt  eacaoe  • 

10  s  os2  (June  1911) 

A 

SSM71II 

SRAM 

MOM 

SRTT 

1SSM 

•• 

-• 

II-IO. 

NotcAtpattdau  NoletOmpe 
LET  •  60  (June  1911) 

J 

MA6U6 

SRAM 

CMOMOS 

MED 

2til 

>120 

ll-ia. 

No  lairtop;  no  SEll  G  B rocker 
(RCA)  habera  thtt  due  pen  hei  ■ 
haste  uchaalofjr  that  the  tensd 
bp  ESA  A  Amspeoc  (Aped.  19f 

A 

MA6U6 

SRAM 

CM08SC8 

MED 

Sil 

43 

lO^u 
tu£h  LET 

-• 

ll-ia. 

No  leidtup  «  LET  •  90 
(Mar.  1911) 

ESA 

MA61 16 

SRAM 

CMOS/SOS 

MED 

XU 

32 

- 

1 

ll-ia. 

No  leutap.  3-maacn  tscttnolefy 
(Nov.  1911) 

ESA 

MA91T 

SRAM 

CMOS/SO# 

MED 

6dSil 

to 

•• 

22 

ll-ia. 

No  lateup  15-miodn  tactaaoiop 

(S^k.  1911) 
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Table  1  SEU  Data  CMOS  A  CMOS  Danes)  1917  *  19U  (Ceoaaoad) 


Tsi 

Oij* 

D*vwc 

Function 

Technology 

Mfr 

Bui 

Effective 

LET** 

(MeVAngXm2) 

Device  Creaa 
Soon  (cab 

Cmkaa 

PerBii 

004an2) 

Faoliry 

•SM 

Rauta  (Tea  Dale) 

J 

HC6167R 

SRAM 

CMOS  (witfi 
senior) 

HON 

ISXji! 

>120 

- 

- 

11-10. 

BNL 

No  Utdfttp.  Hifh  T  diu  available- 
(Fib  Jt  July,  1911) 

J 

HC6U6CHEC 

SRAM 

CMOS 

HON 

aui 

21 

<  1 10‘3 

40 

tiai 

No  leidup  High  T 
dale  available. 

(Feb  A  June,  19U) 

J 

HC6116CHET 

SRAM 

CMOS 

HON 

2RiS 

14 

6  t  10' 3 

40 

11-18 

Nolaichup  Hifh  T 
dot  available. 

(Feb  A  June.  1911) 

1 

VI 601 

SRAM 

CMOS 

VTC 

2bt 

15 

1.1  *10'2 

200 

BNL 

(Feb.  1917) 

J 

KM650* 

SRAM 

CMOS 

HAR 

41U1 

5 

5  >  10'3 

12! 

11-18 

Danes  alao  haa  laiduip 
threshold  -  13  (Oa.  1957) 

J 

KS6XMRH 

SRAM 

CMOS/ap» 

nd-otrd 

HAX 

4K*i 

36 

1.2* 10'3 

30 

11-18 

Slated  I  li  near  ihieahold 

Special  ist  of  feu t  cpi  duednaeaea 
(Ian.  1911) 

J 

KS6SMRRH 

SRAM 

CMOS>** 

(vuh  200&ft) 

HAR 

4K*1 

17 

No  upas 

NoUpsa 

11-18 

(May  A  line.  1917.  A 

laa.  1911) 

; 

HM6J16 

SRAM 

CMOSAp 

0  micron) 

HAR 

2Kil 

10 

5  * 10'2 

300 

ll*m 

BNL 

Latobap  LET  >40  (Feb.  Apr.  May. 
June.  Aug.  1917) 

; 

HM6S16 

SRAM 

CMC&api 
(12  micron) 

HAR 

2K*I 

-• 

-- 

11-18. 

Letdn*  LET  >40  (Ape.  May.  1917) 

See  Ref  1. 

A 

HM6516 

SRAM 

CMOS 

HAR 

2XjlI 

** 

•* 

- 

11-18. 

l-aictnfi  at  LET  •  30.  craea  aacaon 
-  0.02  an2  (March.  1911) 

i 

KM65162 

SRAM 

CMC&»*» 

HAR 

2bS 

«40 

Qeicbup) 

»3*  10' 3 
Qairieip) 

-- 

11-18. 

Vsy  repad  lachup  with  Kx 
(Apnl.  1917) 

i 

HS65T262RRH 

SRAM 

CMOS^i 

(TTL- 

oanpaabie) 

HAR 

161*1 

20 

(nBUBU) 

4i  I0*6 

’* 

11-18. 

Tasesee  (30  s)  aeon  only  in 
•all  l  a*  sod.  (Oo.  A  Dec.  1917) 

: 

KS6SC3S2RRH 

SRAM 

CMOS** 

(CMOS- 

oanpenble) 

HAR 

161*1 

-40 

(naura) 

■* 

•* 

11-18. 

Timevej  (30  nc)  aaan  only  in 
'all  l'a"  soda.  duly.  1911) 

A 

KSASC162 

SRAM 

CMOS** 

(CMOS- 

aampenUe) 

HAR 

BU 

10 

4  l  10'2 

•* 

It-iSL 

No  mmmm.  No  laidup  ai 

LET  •  40  (Apnl.  1911) 

AM92L44 

SRAM 

NMDS 

AMD 

41*1 

IS 

0.41 

ltf* 

Omj. 

•1-18. 

(A*.  191J) 

AM21U7 

SRAM 

NMDS 

AMD 

41*1 

<1.6 

R41 

104 

Omi. 
M- IB. 

(A*.  1915) 

A 

AM99C641 

SRAM 

CMOS 

AMD 

641*1 

-1 

0.) 

500 

It-IB. 

(Match  1917) 

a 

1*01601 

SRAM 

NM08OO8 

MM 

641x1 

-2 

OJ 

MO 

11-18. 

Lasbap  ■  LET  -  5  mth  cnaa 
aaeani  «4i  10*4  on2 
(Isa.  19(7) 

A 

001600 

SRAM 

NMOSO« 

JNM 

641*1 

-3 

0.1 

- 

11-18. 

Lcaa^p  ■  LET  >30.  eras  aamoa 

•  7  a  1(T3  sn2  Oise.  1917) 

A 

PACE4Z2 

SRAM 

anas 

m 

2)4.4 

-1 

- 

- 

u« 

Laafes  ■  LET  » 10.  ons  aacaon 

■  2 1 10°  tar  Ova.  1917) 
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Table  1.  SEU  Data  (MQS  k  CMOS  Dnioa)  1917  k. I9U  (Canaoiad) 


Tan 

Oif* 

Dcvwe 

Function 

Tednolofy 

Mfr 

Bua 

Effective 

LET** 

Thrnahold 

(MeVAng/bm1 2 3) 

Dance  Ow 
Sacra  (an2) 

Croat  Sacra 
Par  Bit 
(104  on2) 

Facility 

Rranarhx  (Ten  Data) 

J 

IS  236 

DRAM 

NMDS 

MIC 

25« 

1 

240 

BNL 

Maak  1236  (Aug,  1917) 

1 

HM6616 

FROM 

CMOS/epr 

HAX 

S>I 

<37 

10'2 

-- 

II*  Ul. 

Laicbup  LET  -  40  (May.  1917) 

J 

HS6616 
(rad  hard) 

PROM 

CMOSApi 

HAR 

2bl 

-- 

- 

BNL 

LaichopLET>120uT  -  100*C 
(June.  1917) 

] 

KM6617 

PROM 

CMOS/cpi 
(7  oucroD  epi) 

HAR 

2Kxl 

12 

7  x  I04  Surmacanly 
peripheral  upas 

BNL 

Laichup  LET >120  (Oct  A  Doc. 
1917) 

A 

MD27664 

EPROM 

CMOS 

1ST 

Kit 

- 

-- 

•• 

ll-in. 

(2) 

i 

HS 13530 

Mancheaur 

Encoder 

CMOS 

HAR 

43 

23 

5  a  10'5 6 
(ex  trap.) 

-- 

BNL 

(May.  1911) 

j 

LRH1003IQ 

Gate  Array 

HCM3S 

LSI 

16a4 

RAM 

34*6 

13 

BNL 

Ilia 

Only  64K  RAM  tanad.  (On  It 

Dec, 1911) 

j 

CDI60O7 

Gate  Array 

CMOS 

LED 

-• 

>75 

Noupaei 

No  Upset 

Oraay 

(June,  1913) 

j 

MB 5000 

Gate  Array 

HCMOS/ep 

(IOiiuctwu) 

MTA 

1792 

40 

*■ 

250 

(at  LET-120) 

ll-u. 

Ccnfigurad  a>  256*7  RAM.  At 

LET  -  120  o  •  5xl04  an2 
(Aug.  1917) 

j 

MB 5000 

Gate  Array 

HCMOSAp 
(S  rrucroae) 

MTA 

1792 

23 

•• 

250 

(ai  LET- 120) 

Ilia 

See  above lurnedu  (Aug*  Oct. 
1917)  rpx) 

A 

U.T520Q 

Gaia  Array 

CMOS/bulk 

LSI 

♦* 

- 

•* 

** 

Ilia 

Latcfaip  at  LET  •  30.  croae  aaci in 
-  10‘7  tan2  (Dec.  1911) 

A/LSI 

LRH9320Q 

Gale  Array 

HOCK 

LSI 

64 

-30 

3x  104 

400 

BNL 

(Sept.  1917)  A  No  laichup  on  apa 

(rad  hard) 

Ilia 

at  LET  -120  (A:  Dae,  1911) 

A 

EJP1210 

Logic  Array 

CMOS 

ALT 

" 

- 

•• 

Ilia 

No  laicbup  at  LET  •  100 
(W  1911) 

A 

EPIM0 

Logic  Array 

CMOS 

ALT 

** 

- 

** 

*• 

11*10. 

Lauhtp  u  LET  - 13;  croae  aacra 
-  1 J  1 104  an2  (Jutat  1911) 

j 

MN5253 

A/D  Cob- 

voter 

(12-Bu) 

CMOS 

MC 

-- 

<1.6 

-2XKT4 

- 

U-ia. 

Pan  ia  bigg*  than  beam,  dune  * 
July.  1911) 

A 

CCN22 

□oCfcCOD- 
tj  oiler 

CMOS 

VTN 

-- 

- 

-- 

- 

ll-in. 

Latchup  nn  only  No  laidnp  ■ 
LET  •  60  (April.  1911) 

(1 )  Laichup  uai  only.  up  to  60*C  No  latcbap  obonvad  at  LET  ■  40.  (Match.  19(1) 

(2)  Laichup  mb  only  Latchup  ihtaab nil  .  II .  At  T - 23*C.  latchup orne  aacra -7  a  10'5  an2,  AlT- RTC. lauhtp  era*  aecra  - 104  a«2  (h>lW) 

(3)  Latchup  tan  only  up  to  LET  <100  No  laidup  (Dae..  1911) 

(4)  Laichup  inai  only  ai  2D*C  Noleidmp  obaovad  nib  XX  MaV  1  at  10*  angle  fat  107  iana/on2  (Aufua,  19tt) 

(3)  Laichup  <an  only  ai  room  T  and  60*C  No  laichup  obeanad  wuh  301  MaV  I  at  60*  angle  for  107  iiwa/rwi2  (Aagun.  Oaob»,  Deettafaa.  1901) 

(6)  Laichup  tan  only  ai  T  •  60*C  No  lauteip  abawad  «nb  273  MaV  I  at  40*  angle  far  107  iaw/cu2  (Dae,  19(1) 
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Tibia!  SEU Dm  (Bipolo Owl-  1917  *  1911 


7m 

*»* 

Device 

Function 

Tolnaiofy 

Mfi 

Bui 

Effective 

LET** 

(MeVAng/an2) 

Dance  Cnu 
Scenes  (on2) 

Cnu  Season 
Per  Bit 

(10*  an2) 

Facility 

••M 

Rarnti  (Tut  Dele) 

r 

F9450 

l-Bu  Micro- 
proceuor 

A 

FSC 

- 

11 

•• 

- 

ll*U). 

(Aug  A  Oct.  198T) 

r 

SBP9919 

16-Bii  Micro 
prooeuar 

i  \ 

(2-mterun) 

TTX 

- 

12 

- 

- 

tl-in. 

(Dec.  1911) 

A 

S4P4 

DF/F 

FT2!. 

TIX 

1 

6 

9  x  10* 

9000 

Urn 

No  lockup  it  LET  •  100 
(*gxl9U) 

A 

S4F74 

DF/F 

ft2! 

SCN 

1 

1 

9xl0'5 

9000 

tl-in. 

No  ladaip  «  LET  -  100 
(Sq»19U) 

A 

54F109 

JKF/F 

FT2!. 

» 

1 

10 

10"* 

10.000 

It- in 

No  locbsp  it  LET  •  100 
(Du.  1911) 

i 

54F373 

Luch 

FT2! 

FSC 

t 

25 

2  >  10* 

250 

BNL 

(Dec.  1916) 

A 

usru 

DFiF 

ST2! 

TIX 

1 

20 

10* 

10.000 

M-in. 

No  lortifi  it  LET  •  100 
(Dec,  1911) 

i 

54ALS373 

Letch 

ALST2! 

TIX 

I 

« 

Ox  10* 

5500 

BNL 

(Die,  1916) 

i 

J4LS73 

J/KF/F 

LST2! 

TIX 

4 

5 

•• 

-• 

BNL 

(Dec.  1911) 

j 

93L422 

RAM 

LT2! 

AMD 

256x4 

<1 

4  x  10'2 

4000 

11- in. 

A  BNL 

(Aug  1916  June,  1917) 

i 

I2S212 

RAM 

ST2! 

XX 

256x9 

1 

2  x  10‘2 

1000 

BNL 

Raw  with  Br  (June.  1917) 

i 

93422 

RAM 

A 

AMD 

256x4 

<1 

4  x  10'2 

4000 

•1-in. 

A  BNL 

(Aug  1916;  June.  1917) 

i 

93451 

PROM 

(fuabie 

Ink) 

Spooky 

TTL 

To -Sum 

FSC 

lKxl 

<37 

10* 

-• 

11-in. 

A  BNL 

(Aug  A  Dec.  1917; 
lot  1911) 

i 

AM60I2 

DAC 

BtpoUr 

AMD 

- 

15 

10* 

— 

IS-in. 

(Me.  1966) 

i 

AD562 

DAC 
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rv.  TRENDS 


Some  trends  in  the  recent  data  are  offered  here.  (1)  Two  8-bit  microprocessors— the  Sandia 
SA3000  and  its  equivalent,  the  Harris  HS80C85RH— were  tested  and  found  to  be  hard.*** 
However,  16-bit  and  32-bit  microprocessors  were  much  softer.  (2)  The  tested  microprocessor 
peripherals  were  invariably  harder  than  the  parent  microprocessor.  (3)  Parts  operated  at  a  higher 
bias  were  more  resistant  to  soft  errors.  (4)  None  of  the  STM  (France)  and  TI  54HCxxx  logic 
device  families  could  be  made  to  latch  up,  even  when  tested  at  a  slightly  elevated  temperature 
(60°C).  The  data  here  include  a  retest  of  the  Tl  54HC161  and  54HC165,  both  of  which  exhibited 
latchup  in  previous  tests.2  The  previous  two  parts  and  most  of  the  present  parts  are 
complementary  metal-oxide  semiconductor  (HCMOS)  p-well/bulk  devices,  but  some  of  the  earlier 
data  were  also  for  twin-well  technology  parts.  (5)  Our  intuition  that  54HCTxxx  devices  will  behave 
similarly  to  54HCxxx  devices  is  supported  by  a  very  limited  data  set  of  the  former  devices.  (6) 

Test  data  for  the  54AC373  and  54ACT373  latches  suggest  that  this  technology  is  susceptible  to 
latchup.  (7)  Miscellaneous  new  data  were  taken  for  analog  switches,  bilateral  switches,  gate 
arrays,  and  programmable  read-only  memories  (PROMS).  (8)  Several  analog-to-digital  (A/D) 
converters  were  tested  to  try  to  establish  their  LET  thresholds.  Anomalous  device-to-device  and 
test-to-test  disparities  remain  to  be  resolved.****  However,  two  bipolar  digital-to-analog 
converters  (DACs)  had  a  respectably  high  LET  threshold  of  15  MeV/mg/cm2.  (9)  CMOS  RAMs 
continued  to  exhibit  a  wide  range  of  SEU  response.  The  Marconi  MA6116  and  Honeywell 
HC6167R  16K  RAMs,  using  CMOS/silicon-oxide  semiconductor  (SOS)  and  feedback  resistors, 
respectively,  proved  to  be  very  hard.  (10)  NMOS  technology,  whether  as  high  density  dynamic 
random  access  memory  (DRAM)  or  4K  RAMs,  had  a  very  low  LET  threshold.  (11)  Many  new 
tests  were  made  at  higher  temperatures— not  usually  indicated  in  the  tables.  When  this  was  done, 
the  parts  tested  at  higher  temperatures  were  always  more  susceptible  to  soft  errors  or  latchup. 


***  In  this  context,  the  term  “hard”  refers  to  a  part  that  does  not  upset  with  150  to  350  MeV  Kr  at  nor¬ 
mal  incidence. 

****  Inconsistencies  in  repeat  test  data  for  the  ADCs  are  seen.  JPL  believes  that  special  test  techniques 
may  be  required  to  understand  SEUs’  effects  on  ADCs. 
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V.  CONCLUSIONS 


The  new  data  presented  here  can  be  combined  with  data  given  in  References  1  and  2  to 
provide  certain  generalizations  useful  for  protecting  flight  electronics  from  SEP.  Hard  technologies 
and  unacceptably  soft  technologies  can  be  flagged.  In  some  instances,  specific  tested  parts  can  be 
taken  as  candidates  for  key  microprocessors  or  memories.  As  always  with  radiation  test  data, 
specific  test  data  for  qualified  flight  parts  are  recommended  for  critical  applications.  Calculations 
of  accurate  SEP  rates  will  require  the  assistance  of  a  computer  code,  a  well-defined  environment 
(in  terms  of  flux  vs  LET),  and  a  complete  device  characterization  (cross  section  vs  LET  at  the 
appropriate  temperature.) 
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APPENDIX 

MANUFACTURER  ABBREVIATIONS 


ADI  Analog  Devices,  Inc. 

ALT  Alpha  Industries,  Semiconductor  Division 

AMD  Advanced  Microdevices  Corporation 

CYP  Cypress  Corporation 

EDI  EDI  Corporation 

FSC  Fairchild  Corporation,  Semiconductor  Division 

HAR  Harris  Corporation,  Harris  Semiconductor  Division 
HIT  Hitachi  Ltd. 

HON  Honeywell,  Inc. 

IDT  Integrated  Devices  Technology,  Inc. 

INM  INMOS  Corporation 

INT  Intel  Corporation 

LED  Lockheed  Corporation 

LSI  LSI  Logic  Corporation 

MED  Marconi  Electronic  Devices 

MIC  Micron  Technologies 

MMI  Monolithic  Memories,  Inc. 

MNC  Micro  Networks 

MTA  Mattra  Harris  Semiconductor 

NSC  National  Semiconductor  Corporation 

OWI  Omni-Wave,  Inc. 

PFS  Performance  Semiconductor  Corporation 

SGN  Signetics  Corporation 

SIL  Siliconix,  Inc. 

SNL  Sandia  National  Laboratories 

SNY  Sony  Corporation 

SRT  Saratoga  Semiconductor,  Inc. 


STM  STM  (France) 

STX  Supertex,  Inc. 

TTX  Texas  Instruments,  Inc. 

TRW  TRW,  Inc. 

VTC  VTC,  Inc. 

VTN  Vectron  Corporation 

ZIL  Zilog 
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LABORATORY  OPERATIONS 


The  Aerospace  Corporation  functions  as  an  “architect-engineer”  for  national  security 
projects,  specializing  in  advanced  military  space  systems.  Providing  research  support,  the 
corporation’s  Laboratory  Operations  conducts  experimental  and  theoretical  investigations  that 
focus  on  the  application  of  scientific  and  technical  advances  to  such  systems.  Vital  to  the  success 
of  these  investigations  is  the  technical  staffs  wide-ranging  expertise  and  its  ability  to  stay  current 
with  new  developments.  This  expertise  is  enhanced  by  a  research  program  aimed  at  dealing  with 
the  many  problems  associated  with  rapidly  evolving  space  systems.  Contributing  their  capabilities 
to  the  research  effort  are  these  individual  laboratories: 

Aerophysics  Laboratory:  Launch  vehicle  and  reentry  fluid  mechanics,  heat  transfer 
and  flight  dynamics,'  chemical  and  electric  propulsion,  propellant  chemistry,  chemical 
dynamics,  environmental  chemistry,  trace  detection;  spacecraft  structural  mechanics, 
contamination,  thermal  and  structural  control;  high  temperature  thermomechanics,  gas 
kinetics  and  radiation;  cw  and  pulsed  chemical  and  excimer  laser  development, 
including  chemical  kinetics,  spectroscopy,  optical  resonators,  beam  control,  atmos¬ 
pheric  propagation,  laser  effects  and  countermeasures. 

Chemistry  and  Physics  Laboratory:  Atmospheric  chemical  reactions,  atmospheric 
optics,  light  scattering,  state-specific  chemical  reactions  and  radiative  signatures  of 
missile  plumes,  sensor  out-of-field-of-view  rejection,  applied  laser  spectroscopy,  laser 
chemistry,  laser  optoelectronics,  solar  cell  physics,  battery  electrochemistry,  space 
vacuum  and  radiation  effects  on  materials,  lubrication  and  surface  phenomena, 
thermionic  emission,  photosensitive  materials  and  detectors,  atomic  frequency  stand¬ 
ards,  and  environmental  chemistry. 

Electronics  Research  Laboratory:  Microelectronics,  solid-state  device  physics, 
compound  semiconductors,  radiation  hardening;  electro-optics,  quantum  electronics, 
solid-state  lasers,  optical  propagation  and  communications;  microwave  semiconductor 
devices,  microwave/millimeter  wave  measurements,  diagnostics  and  radiometry,  micro¬ 
wave/millimeter  wave  thermionic  devices;  atomic  time  and  frequency  standards; 
antennas,  rf  systems,  electromagnetic  propagation  phenomena,  space  communication 
systems. 

Materials  Sciences  Laboratory:  Development  of  new  materials:  metals,  alloys, 
ceramics,  polymers  and  their  composites,  and  new  forms  of  carbon;  nondestructive 
evaluation,  component  failure  analysis  and  reliability;  fracture  mechanics  and  stress 
corrosion;  analysis  and  evaluation  of  materials  at  cryogenic  and  elevated  temperatures 
as  well  as  in  space  and  enemy-induced  environments. 

Space  Sciences  Laboratory:  Magnetospheric,  auroral  and  cosmic  ray  physics, 
wave-particle  interactions,  magnetospheric  plasma  waves;  atmospheric  and  ionospheric 
physics,  density  and  composition  of  the  upper  atmosphere,  remote  sensing  using 
atmospheric  radiation;  solar  physics,  infrared  astronomy,  infrared  signature  analysis; 
effects  of  solar  activity,  magnetic  storms  and  nuclear  explosions  on  the  earth’s 
atmosphere,  ionosphere  and  magnetosphere;  effects  of  electromagnetic  and  particulate 
radiations  on  space  systems;  space  instrumentation. 


